(1960c), on the other hand, found that the coefficient of ocular rigidity was higher in the enucleated than in the living human eye, while Prijot and Weekers (1959) and more recently Prijot (1961) have made similar observations. These workers therefore suggested that the vascular bed of the eye alters with the intra-ocular pressure, and thereby exerts an important influence on ocular rigidity.
Clinical observations on the effect of hydration on the living human eye have been chiefly directed towards an assessment of the effect of haemodilution and water drinking on the intra-ocular pressure. Leydhecker (1950) studied the electrical conductivity of blood to assess the state of haemodilution and found that the maximum decrease in conductivity always coincided with the maximum ocular tension. However, Yonebayashi (1959) and Pistocchi and Tusini (1960) , who estimated the degree ofhaemodilution during the test by a different method, concluded that rises in intra-ocular pressure were not coincident with haemodilution. Recently, Galin, Aizawa, and McLean (1961) directly measured the osmolarity of blood during the water test. They found that the glaucomatous eye was a sensitive osmometer, yet it did not show constant and reproducible alterations in ocular rigidity with changes in pressure. Stepanik (1958) used the method of differential tonometry, and found that the changes in rigidity during the water-drinking test were not significant. Drance (1960) also came to the same conclusion. Draeger and Muller (1960) , however, observed that the ocular rigidity fell during the water-drinking test, and they attributed this result to the increase in the intra-ocular pressure rather than to the hydration of the ocular tissues. These observations suggest that ocular rigidity, besides varying from eye to eye, may also vary in the same eye under different conditions, and that such variations could be attributed in the main to two factors: firstly, alterations in the state of the vascular bed of the eye, and secondly, changes in the physical properties of the cornea and sclera. The present study was therefore undertaken in order to elucidate the influence of alteration of the properties of the corneo-scleral envelope caused by hydration and dehydration, upon the rigidity of the human eye.
Material and Methods (1) EXPERIMENTS in vitro
Human eyes enucleated post mortem and rejected for corneal grafting were used; most of them were obtained 24-72 hours after death.
The corneo-scleral envelope was prepared as follows: the extra-ocular muscles, together with conjunctiva and episcleral tissue, were dissected away; the eyeball was carefully supported in one hand while an 8-mm. trephine hole was made over the stump of the optic nerve; the vitreous, lens, retina, and uveal tract were gently removed through the opening, leaving the cornea and sclera intact.
(a) Relationship of Rigidity to Pressure.-A special Perspex connector, similar to the metal flange used by Grant (1958) , was utilized to make the preparation watertight and to allow entry of fluid into the corneo-scleral envelope (Figs 1 and 2 The preparation, which will henceforth be referred to as the "eyeball", was carefully filled with the perfusing solution, saline or Dextran alternately, ensuring that no air bubble was included. It was then connected by means of short polythene tubes and 3-way taps to a reservoir, an Agla micrometer syringe, and a Sanborn 267B pressure transducer. As shown overleaf in Fig. 3 (diagram) and Fig.  4 (photograph of apparatus in use), the "eyeball" was suspended and completely immersed in the required solution, the temperature of which was maintained at 260 C. and the pH adjusted to 7 4. The solutions used were 0 9 per cent. saline, and After the rigidity had been determined for an eye, the corneal thickness was again measured by means of an electric micrometer as follows: a disc 8 mm. in diameter was trephined from the centre of the cornea and placed on the tray of the instrument under a very light piece of metal (Fig. 5) ; the micrometer gauge was gently lowered on to its surface, and, at the moment of contact before any pressure was exerted on the tissue, the neon indicator bulb would light up; the electricity supply was from a 120 V dry battery. The "micrometer" readings could be used as a comparison with the pachometer readings for a given eye.
(ii) Scleral Thickness.-As described above, discs of sclera were also measured with the electric micrometer after the thickness of the tissue had been altered by immersion in saline or Dextran respectively. (2) WATER-DRINKING TEST.-In addition to the experiments in vitro, the waterdrinking test was carried out in 26 patients (46 eyes) with suspected chronic simple glaucoma, measuring the ocular rigidity before and during the test. The values of K and average pressure (Pav) were recorded for each "eyeball", using saline and Dextran alternatively, and tests for significance were applied to the calculated values, as well as to the coefficient of correlation which was negative in every case.
The pooled data for eight "eyeballs" were then analysed for possible differences between the values obtained for saline, and those for Dextran (hypertonic) (Fig. 8, overleaf) . In every case the values for K were higher in Dextran than in saline. Table I shows that the differences were highly significant. These equations as well as the scatter diagram in Fig. 8 show that a negative correlation was obtained in both types of experiment. exception of "eyeballs" Nos. 14 and 19, the micrometer readings were higher than those of the pachometer. This is what one would expect in view of the additional trauma applied to the tissues in trephining out the discs, and the consequent imbibition of fluid from the cut edges of the discs.
(ii) Effect ofSaline and Dextran on the Thickness of Cornea and Sclera. The mean values for the corneal thickness in saline and Dextran obtained with the pachometer are shown with their standard errors in Table II. Here we find that the cornea is significantly thinner after immersion in 6 per cent. Dextran than after immersion in normal saline. The scleral thickness could be measured only with the micrometer, since optical methods are not satisfactory for this translucent tissue. We therefore measured discs of sclera in saline and in Dextran, and compared its changes of thickness with those of the cornea. The results of the comparison are given in Table III , in terms of their mean values. the ocular coats. Fig. 10 shows this relationship as applied to corneal thickness, again comparing the behaviour in saline and in Dextran. The overall picture shows that the rigidity was higher when the cornea was thinner. As we have already seen, sclera does not change in thickness as much as cornea when placed in solutions of different osmolarities; Fig. 11 (opposite) shows how these alterations in scleral thickness are related to the rigidity of the "eyeball". In this case also we find that the rigidity is higher when the sclera is thinner.
(2) WATER-DRINKING TEST.-In the water-drinking tests none of the 26 patients showed a rise in intra-ocular pressure of more than 7 mm. Hg with the applanation tonometer. The ocular rigidity was determined from applanation and Schiotz readings in each of the 46 eyes, but it did not show any consistent relationship to the changes in pressure. The water-drinking test thus proved to be inconclusive as regards the effects of hydration on the rigidity of the eye. Discussion Our procedure differed from that employed by other workers measuring ocular rigidity in vitro, in that the isolated corneo-scleral envelope was used. This had the advantage that it was possible to bathe both surfaces of the cornea and sclera with the osmotically active solutions and so obtain a maximal effect. Also, direct measurements of the changes induced in corneal and scleral thickness are clearly more satisfactory than assessments of the uptake or loss of fluid by weighing the whole eye (Hosni, 1960) , in which incalculable changes in the water content of the lens and vitreous may occur. The behaviour of the preparations in vitro resembled that of the intact eye insofar as the coefficient of rigidity, K, had the same order of magnitude and a similar variation with intra-ocular pressure as those found clinically. Changing the osmolarity of the perfusing solution caused an alteration in the values for K, which were significantly higher in Dextran (hypertonic) than in 0 9 per cent. saline (isotonic) (see Table I and Fig. 8 ). In the absence of nervous and vascular influences, the changes in rigidity could be due only to alterations in the elastic properties of the coats of the preparation in vitro.
Our measurements of corneal thickness with the pachometer, as well as of discs of cornea and sclera, indicated without any doubt that these tissues were thinner in 6 per cent. Dextran than in 0'9 per cent. saline, although the changes were much more extensive in the corneal than in the scleral tissue (Figs 10 and 11) . On the basis of these findings we are convinced that marked thinning of the corneo-scleral envelope by dehydration causes a significant increase in ocular rigidity.
It has been reported by various authors, including Remington (1957) and Wiegersma (1955) , that the thinner a material the higher is its rigidity; this applies not only to synthetic substances (e.g. cellophane) but also to biological materials such as muscular tissue. Moreover, in patients with hydration of ocular tissues due to thyrotropic exophthalmos, Weekers and Lavergne (1958) as well as Becker and Gay (1959) found that ocular rigidity was lower than normal.
It appears that the pattern of pressure-volume or rigidity relationships may be different in human and in animal eyes (Perkins and Gloster, 1957b; Macri, Wanko, and Grimes, 1957) , and that this difference between species may account for the findings of Hosni (1960) regarding the relationship of ocular rigidity to thickness of the coats of the eye. The results of the present series of experiments are in general agreement with the findings in other tissues and with the clinical observations of Weekers and Lavergne (1958) , and others.
The general conclusion to be drawn from this investigation is that gross changes in the hydration of the corneo-scleral envelope, accompanied by measurable alterations in corneal thickness, must occur before it is likely that there will be an appreciable modification of ocular rigidity. The inconsistent changes in ocular rigidity which occurred during the water-drinking test were similar to those found by Galin and others (1961) . In future studies it would seem advisable to follow the course of haemodilution during the waterdrinking test, as well as to assess the extent to which the changes in the composition of blood in certain pathological conditions modify the rigidity of the eye. At present it would seem that variations in the rigidity of the individual eye are attributable to changes in the intra-ocular vascular bed rather than to alterations in the physical properties of the cornea and sclera.
Summary
(1) There is some evidence that rigidity varies in the individual eye. These variations could be due either to changes in the elastic properties of the coats of the eye or to alterations in the intra-ocular vascular bed.
(2) Determinations of rigidity were carried out in vitro on corneo-scleral envelopes prepared from enucleated human eyes. The degree of hydration of the cornea and sclera was varied by bathing the tissues in solutions of different osmolarities; alterations in the water content were assessed by measurements of the thickness of the cornea and sclera.
(3) Reduction of the water content of the cornea and sclera caused an increase in ocular rigidity, while hydration of the tissues had the opposite effect. Gross changes in thickness were necessary before any significant changes occurred in rigidity.
(4) Water-drinking tests in a series of patients with suspected glaucoma gave negative results, and no consistent changes were found in ocular rigidity during the tests.
(5) It is concluded that alterations in the physical properties of the coats of the eye are unlikely to be responsible for variations in rigidity in an individual eye.
